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SINGLE  ION  COUNTING  IN  HIGH- RESOLUTION 


MASS  SPECTROMETRY 

Recently,  mass  spectrometric  analysis  of  trace  quantities  of  residual 
gases  in  traveling-wave  tubes  necessitated  the  development  of  an  ion-counting 
detector  system  for  the  high-resolution  mass  spectrometer.  The  spectrom- 
eter is  a double-focusing  instrument  of  the  Mattauch-Herzog  geometry 
(Consolidated  Electrodynamics  Corp.  , Model  21-110B)  equipped  with  an  ion- 
detection  system  consisting  of  a photoplate,  Faraday  cup,  and  electron 
multiplier.  High-resolution  mass  spectrometry  was  required  to  differen- 
tiate hydrocarbon  fragments  from  other  residual  gases  such  as  nitrogen, 
oxygen,  carbon  monoxide,  argon,  carbon  dioxide,  hydrogen  cyanide,  nitrous 
oxide,  and  nitrogen  dioxide.  The  mass  resolution  of  an  ultrasensitive, 
quad rupole -type  residual  gas  analyzer  equipped  with  an  ion-counting 
detector  is  inadequate  for  this  application.  Furthermore,  the  need  for  the 
quantitative  determination  of  the  partial  pressures  of  the  residual  gases 
imposed  a severe  limitation  on  the  use  of  the  direct-current  technique  of 
measuring  ion  currents  with  the  existing  electron  multiplier  because  of  mass 
discrimination  effects  exhibited  by  the  conversion  dynode^”^  and  the  poor 
precision  and  accuracy  in  measuring  the  very  small  ion  currents  that  result 
from  background  noise  interferences  and  drift  in  multiplier  gain.  A modifi- 
cation that  permits  the  utilization  of  an  air-stable  electron  multiplier  that 
can  be  used  either  as  an  ion-counting  or  as  an  ion-current  measuring 


device  without  jeopardizing  the  photoplate  ion-detection  capability  of  the 
high-resolution  mass  spectrometer  is  described  in  this  report. 

The  original  electron  multiplier  supplied  with  the  mass  spectrometer 

is  a 16-stage  Allen  type  with  beryllium-copper  dynodes.  This  electron 

multiplier  is  inadequate  for  use  in  ion-counting  techniques  because  of  its 

inherent  high  noise  level  7 and  its  poor  frequency  response,  which  precludes 

the  acquisition  of  data  at  sampling  rates  greater  than  10  kHz  that  are 

required  for  computer  interfacing  under  high-resolution  operation.  These 

limitations  have  been  circumvented  by  replacing  the  existing  electrical 

detection  system,  consisting  of  the  Faraday  cup  and  the  Allen-type  electron 

multiplier,  with  a Channeltron®  8 electron  multiplier  (Galileo  Electro- 

9 

Optics  Corp. , Model  4730)  assembly  shown  in  Fig.  1.  This  detector 
assembly  is  attached  to  the  mass  spectrometer  with  a specially  designed 
adapter* ^ that  aligns  the  aperture  of  the  Channeltron  electron  multiplier 
(CEM)  with  the  collector  slit  and  yet  does  not  jeopardize  the  photoplate  ion- 
detection  capability  of  the  spectrometer.  A photograph  of  the  modified 
combination  ion-detection  system  is  shown  in  Fig.  Z. 

Although  it  is  not  shown  in  Fig.  1,  a 0.002-^F , 6-kV  capacitor  is 
attached  between  the  negative  high-voltage  biased  end  of  the  electron  multi- 
plier and  instrument  ground  to  remove  high-frequency  voltage  spikes  from 
the  power  supply.  The  CEM  is  protected  from  stray  magnetic  fields  by  the 
soft  iron  shield;  its  potential  is  also  maintained  at  instrument  ground. 
Electrical  power  to  the  CEM  is  provided  by  a solid-state,  high-voltage  power 


I 
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CEM  ADAPTER 


CHANNELTRON  ELECTRC 
MULTIPLIER  ASSEMBLY 


ELECTROMETER-AMPLIFIER 


Fig.  2.  Modified  Combination  Ion-Detection  System 


supply  (SSR  Instruments  Co.  , Model  1106-10).  The  anode  of  the  CEM  is 
connected  to  the  pulse- counting  electronic  system,  consisting  of  SSR 
Instruments  Model  1120-01  amplifier-discriminator  (10-nsec  pulse  pair 
resolution)  and  Model  1110  digital  synchronous  computer.  The  digital  data 
are  recorded  either  onto  a magnetic  tape  or  a digital  recorder  for  further 
processing.  The  performance  characteristic  of  this  ion-counting  detector 
system  is  illustrated  in  Fig.  3.  The  multiplier  dark  count  plus  the  elec- 
tronic system  noise  at  applied  voltages  of  2 kV  and  3 kV  are  0.  005  counts/ 
sec  and  0.  03  counts/sec,  respectively.  The  CEM  has  exhibited  minimal 
degradation  in  overall  multiplier  gain  even  after  exposure  to  air  for  over  a 

month  during  14  months  of  operation.  The  gain  measured  at  an  applied 

7 7 

voltage  of  2.5  kV  decreased  from  8x10  to  4.5  X 10  , 

Ion  counting  not  only  permits  the  measurement  of  very  small  ion 
currents  with  greater  precision  and  accuracy  but  is  also  essentially  free  of 
effects  resulting  from  mass  discrimination  and  drift  due  to  changes  in 
multiplier  gain.  Another  important  feature  of  this  modification  is  that  it 
permits  the  rapid  conversion  from  pulse  counting  to  analog  mode  of  ion 
detection.  The  conversion  consists  of  removing  the  amplifier-discriminator 
and  hooking  up  the  electrometer-amplifier  whose  output  may  be  fed  directly 
into  other  analog -to-digital  converters,  i.  e.  , the  original  system  can  be 
restored  in  minutes. 
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CONSTANT  CH4  ION  BEAM  INTENSITY 
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Fig.  3.  Count  Rate  As  a Function  of  Electron  Multiplier  Voltage 


REFERENCES 


I i 

I 


2. 


3. 


5. 


6. 


7. 


8. 


9. 


10. 


C.  R.  Winkelman  and  H.  G.  Davidson,  J.  Vac.  Sci.  Technoi.  12, 
435  (1975). 

M.  G.  Inghram  and  R.  J.  Hayden,  Nucl.  Sci.  Series,  Report  14 
(1954). 

M.  G.  Inghram,  R.  Hayden,  and  D.  Hess,  Natl.  Bur.  Std.  (U.  S.  ) 
Cir.  , 522  (1951). 

H.  Stanton,  W.  Chupka,  and  M.  G.  Inghram,  Rev.  Sci.  Inst.  27, 


109  (1956). 


R.  C.  Lao,  R.  Sander,  and  R.  F.  Pottie,  Int.  J.  Mass  Spectrometry 
Ion  Phys.  10,  309  (1972/73). 

R.  F.  Pottie,  D.  L.  Cocke,  and  K.  A.  Gingerich,  Int.  J.  Mass 
Spectrometry  Ion  Phys.  1 1 , 41  (1973). 

C.  A.  Stearns  and  F.  J.  Kohl,  High-Temperature  Mass 
Spectrometry- Vaporization  of  Group  IVB  Metal  Carbides, 

NASA  TN  D-7613,  Lewis  Research  Center,  Cleveland,  Ohio 


(April  1974). 

Continuous-dynode,  electrostatic-focusing  electron  multiplier  pro- 
duced by  Galileo  Electro-Optics  Corp. 

This  entire  assembly  (Part  No.  294790)  is  manufactured  by  DuPont 
Instruments  for  their  Series  21-490  mass  spectrometers. 

Engineering  drawings  of  the  adapter  (Appendix)  may  be  obtained  from 
one  of  the  authors. 
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The  Laboratory  Operations  of  The  Aerospace  Corporation  is  conducting 
experimental  and  theoretical  investigations  necessary  for  the  evaluation  and 
application  of  scientific  advances  to  new  military  concepts  and  systems.  Ver- 
satility and  flexibility  have  been  developed  to  * high  degree  by  the  laboratory/- 
personnel  in  dealing  with  the  many  problems  encountered  in  the  nation's  rapidly 
developing  space  and  missile  systems.  Expertise  in  the  latest  scientific  devel- 
opments is  vital  to  the  accomplishment  of  tasks  related  to  these  problems.  The 
laboratories  that  contribute  to  this  research  are: 

Aerophysics  Laboratory:  Launch  and  reentry  aerodynamics,  heat  trans- 
fer, reentry  physics,  chemical  kinetics,  structural  mechanics,  flight  dynamics, 
atmospheric  pollution,  and  high-power  gas  lasers. 

Chemistry  and  Physics  Laboratory:  Atmospheric  reactions  and  atmos- 
pheric  optics,  chemical  reactions  in  polluted  atmospheres,  chemical  reactions 
of  excited  species  in  rocket  plumes,  chemical  thermodynamics,  plasma  and 
laser-induced  reactions,  laser  chemistry,  propulsion  chemistry,  space  vacuum 
and  radiation  effects  on  materials,  lubrication  and  surface  phenomena,  photo- 
sensitive materials  and  sensors,  high  precision  laser  ranging,  and  the  appli- 
cation of  physics  and  chemistry  to  problems  of  law  enforcement  and  biomedicine. 

Electronics  Research  Laboratory:  Electromagnetic  theory,  devices,  and 
propagation  phenomena,  including  plasma  electromagnetics;  quantum  electronics, 
lasers,  and  electro-optics;  communication  sciences,  applied  electronics,  semi- 
conducting, superconducting,  and  crystal  device  physics,  optical  and  acoustical 
imaging;  atmospheric  pollution;  millimeter  wave  and  far-infrared  technology. 

Materials  Sciences  Laboratory:  Development  of  new  materials;  metal 
matrix  composites  and  new  forms  ol  carbon;  test  and  evaluation  of  graphite 
and  ceramics  in  reentry;  spacecraft  materials  and  electronic  components  in 
nuclear  weapons  environment;  application  of  fracture  mechanics  to  stress  cor- 
rosion and  fatigue-induced  fractures  in  structural  metals. 

Space  Sciences  Laboratory*  Atmospheric  and  ionospheric  physics,  radia- 
tion from  the  atmosphere,  density  and  composition  of  the  atmosphere,  aurorae 
and  airglow;  magnetospheric  physics,  cosmic  rays,  generation  and  propagation 
of  plasma  waves  in  the  magnetosphere;  solar  physics,  studies  of  »olar  magnetic 
fields;  space  astronomy,  x-ray  astronomy;  the  effects  of  nuclear  explosions, 
magnetic  storms,  and  solar  activity  on  the  earth's  atmosphere,  ionosphere,  and 
magnetosphere;  the  effects  of  optical,  electromagnetic,  and  particulate  radia- 
tions in  space  on  space  systems. 
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